Objectives-Among other constituents, fuel oil ash contains vanadium pentoxide, a known respiratory irritant. Exposure to ambient vanadium pentoxide dust has been shown to produce irritation of the eyes, nose, and throat. The usefulness of nasal lavage in detecting an inflammatory response to exposure to fuel oil ash among 37 boilermakers and utility workers was investigated. Methods-A baseline lavage was performed on the morning of the first day back to work after an average of 114 days away from work (range 36 hours to 1737 days). A lavage was performed after exposure on the morning three days after the baseline lavage. 
Objectives-Among other constituents, fuel oil ash contains vanadium pentoxide, a known respiratory irritant. Exposure to ambient vanadium pentoxide dust has been shown to produce irritation of the eyes, nose, and throat. The usefulness of nasal lavage in detecting an inflammatory response to exposure to fuel oil ash among 37 boilermakers and utility workers was investigated. Methods-A baseline lavage was performed on the morning of the first day back to work after an average of 114 days away from work (range 36 hours to 1737 days). A lavage was performed after exposure on the morning three days after the baseline lavage. Exposure to respirable particulate matter of diameter A 10 pm (PM10) and respirable vanadium dust were estimated with daily work diaries and a personal sampling device for respirable particulates. These estimates were made for each subject on each workday during the three days between ravages. For each subject, the adjusted change in polymorphonuclear cells was calculated by dividing the change in polymorphonuclear cell counts by the average of the counts before and after exposure. The association between the adjusted polymorphonuclear cell counts and exposure was assessed with multiple linear regression, adjusted for age and current smoking. Results-Personal sampling ( The upper respiratory tract, specifically the nasal cavity, is the first target of and the first line of defence against ambient pollutants and irritants. It is also the portion of the respiratory system most easily accessible to morphological and pathophysiological evaluation.' 3 Therefore, the nasal cavity represents an ideal site for the development of biomarkers of events related to airborne exposures. There are a variety of methods that have been used for studying the nasal cavity. 3 The preferred method for investigations of large populations should be non-invasive, of low risk, and simple to perform. Nasal lavage fulfils these requirements; it is a safe, simple, and inexpensive method for measuring the effect of acute inhalation exposures on the upper airway.
The polymorphonuclear leucocyte (PMN) cell is the predominant inflammatory cell in acute inflammation and has thus been used as a marker to study the acute cellular response of the upper airway to ambient contaminants. Previous studies conducted on subjects exposed to ozone, grain sorghum dust, cotton dust, and vanadium oxides showed increases in nasal lavage inflammatory cell The study design was guided by the results of our previous work on the kinetics of nasal lavage cell counts in unexposed subjects. '7 We decided that the lavage after exposure should be performed 72 hours after the baseline lavage to avoid residual effects (washout) of the baseline lavage on the lavage after exposure. As the inflammatory response to fuel oil ash is probably an acute response, the nasal lavage after exposure was performed about 12 hours after exposure. The study was approved by the Institutional Review Board of the Harvard School of Public Health. The study was explained to the subjects before written and informed consent was obtained. At least one week before the start of the study, all subjects participated in a nasal lavage training session. Fifty male boilermakers and utility workers at a local electrical company volunteered to participate in the study and had a baseline lavage. Forty five subjects completed the lavage after exposure; five did not report for the second nasal lavage. Of the 45 subjects who completed both ravages, eight were excluded from the analysis because they reported symptoms of cold or flu at the time of the nasal lavage or in the previous two weeks. The 37 subjects whose results were used in the analysis consisted of 19 boilermakers and 18 utility workers. Generally, the boilermakers' exposure was higher than the utility workers who served as low exposed controls.
The boilermakers were all involved in the overhaul of a large oil fired boiler and turbine with an output capacity of 175 MW. The overhaul included the removal of sections of the boiler firebox (water wall tubes), ash pit, and air heater (air heat exchange section), as well as repair of the condenser and muddrum, which recirculates the condensed steam to the boiler. The work involved cutting with oxy-acetylene torches and the carbon arc process (Arcair process). After the removal of the old and damaged sections, the boiler ash pit and sections of the air heater and boiler firebox were replaced and welded in place with shielded metal arc and gas metal arc welding. Welding was also performed in the mud-drum and condenser. The utility workers were full time employees of the power company and consisted of mechanics, welders, labourers, painters, precipitator operators, supervisors, and laboratory workers.
All nasal ravages were performed in the morning, before the beginning of work on that day. The baseline lavage was performed on the first day back to work after at least 36 hours away. The lavage after exposure was performed about 72 hours after the baseline lavage and about 12 hours after exposure ended. Each subject completed a self administered detailed work diary for each day between the baseline and the lavage after exposure. The work diary listed the tasks performed (welding, cutting, and grinding), and the specific location (boiler, airheater, and condenser) at which they were performed. Twenty nine task and location categories were identified. The mean of the personal air samples (one to 10 hour time weighted average) for each task and location category was used as the exposure level assigned to each category. With the mean exposure for each task and location category, we estimated occupational exposures for each subject during each of the three days between the nasal ravages at baseline and after exposure.
Data on medical and smoking history and respiratory symptoms were obtained by a modified self administered American Thoracic Society DLD-78 questionnaire. Current cigarette smokers were defined as subjects who smoked at least one cigarette a day for at least the past year, or more than 20 packs in their lifetime, and who were still smoking within the past month. Non-smokers included subjects who were lifelong nonsmokers and ex-smokers. Ex-smokers were defined as subjects who had stopped at least one month before the study. Current smoking was coded as a dichotomous variable, yes or no. The subjects also completed an occupational history addendum that contained questions specific to their current and past occupations.
NASAL LAVAGE PROCEDURE
The nasal lavage procedure used in the study was adapted from Koren et al. 4 Each subject was seated with his or her head tilted backwards at a 450 angle. With a needleless syringe, 5 ml of warm (370C), sterile, phosphate buffered saline (PBS) solution without Ca+2 and Mg+2, was instilled into one nostril. The subject held his breath and performed a partial swallow that closed off the nasopharyngeal cavity, thus improving the ability to hold the fluid in the nasal cavity. The saline solution was retained for 10 seconds, and then passively allowed to drain for 30 seconds into a sterile specimen cup. This procedure was repeated in the other nostril.
The volume of lavage fluid recovered was recorded and used to volume adjust the cell counts, which were expressed as cells/ml of recovered fluid. After obtaining each sample, 0 5 ml of N-acetylcysteine (Mucomyst-10, Bristol Lab), a mucus digestant, was added. The The Wilcoxon rank sum test was used to compare the baseline and the follow up cell counts of cigarette smokers with those of nonsmokers. The Wilcoxon signed rank test was used to test if the changes in cell counts, adjusted for the average of the respective baseline and follow up nasal lavage, of both the smokers and non-smokers were different from zero. After stratification by smoking, each PM,0 and respirable vanadium dust exposure index was regressed on the adjusted change in cell counts. The level of significance for all analyses was set at 0-05.
Results
The analyses were performed on the 37 subjects who completed both ravages and did not report cold or flu symptoms at the time of the nasal lavage or in the previous two weeks. The 37 male workers ranged in age from 26 to 60 years, with a mean (SD) of 45 (9) Tables 1 and 2 show the range, mean (SD), and median of the five exposure indices for PMo and Vadj.
The mean (SD) of the volume of recovered fluid from both the before and after exposure ravages was 6-3 (1-6) ml. Table 3 shows a summary of the data for the nasal lavage cell counts and differentials. The baseline lavage PMN/ml counts ranged from 0 to 33 700 with a mean (SD) of 2600 (5800) and a median of 400. The lavage counts after exposure ranged from 0 to 24 600 with a mean (SD) of 2800 (4800) and a median of 600. The adjusted change in PMNs/ml (APMNadj) had a mean (SD) of 40% (100%), with a range of -98% to +200%. The mean APMNadj was significantly greater than zero (P < 0-05). Day 1 = exposure on the day of the morning baseline lavage; Day 2 = exposure on the second day after the baseline lavage; Day 3 = exposure on the third day after the baseline lavage; Mean = mean exposure during the 3 days between baseline and post-exposure lavage; Peak = peak exposure (one to 10 hour time weighted average) during the three days. The baseline % PMNs ranged from 0% to 89%, with a mean (SD) of 34% (35%), and a median of 22%. The % PMNs after exposure ranged from 0% to 91%, with a mean (SD) of 37% (36%), and a median of 20%. The change in % PMNs had a mean (SD) of 3.4% (26A4%), a median of 0% and ranged from -78% to 87%. The change in % PMNs was not significantly different from zero with either parametric or non-parametric tests.
None of the PMo or Vadj exposure indices significantly predicted APMNadi or the change in % PMNs.
The baseline lavage epithelial cell count ranged from 0 to 27 700 cells/ml, with a mean (SD) of 2500 (4600), and a median of 1200. The savage counts after exposure ranged from 100 to 8500 epithelial cells/ml, with a mean (SD) of 2400 (2700), and a median of 1200. The adjusted change in epithelial cells/ml ranged from -83% to 200%, with a mean (SD) of 26-7% (81 4%). The change in epithelial cells/ml was not significantly different from zero.
The baseline % epithelial cells ranged from 0% to 100%, with a mean (SD) of 53% (37%), and a median of 60%. The % epithelial cells after exposure ranged from 2% to 100%, with a mean (SD) of 53% (37%), and a median of 56%. The change in % epithelial cells had a mean (SD) of -0 53% (29 3%), a median of 0-7%, and ranged from -89% to 65%. The change in % epithelial cells was not significantly different from zero. There were no significant relations between any of the five PM1o or Vadj exposure indices and either the adjusted change in epithelial cell counts or the change in % epithelial cells.
The mean baseline lavage PMN count in smokers was larger, although not significantly, than the mean baseline count in non-smokers: 4400 (11 800) v 2100 (3000), respectively (table 4). The mean (SD) of the lavage PMN count after exposure was 1600 (2700) in smokers v 3000 (5100) in non-smokers, which was not significantly different. In nonsmokers, the mean APMNadj was significantly greater than zero (+50%, P < 0 05), whereas in smokers the mean APMNadi was not significantly different from zero (-0 1%, P > 0 5). Nevertheless, even in non-smokers, there were no significant dose response relations between any of the PM1o or Vadi exposure indices and APMNadj. The baseline and follow up % PMNs, as well as the changes in % PMNs, did not differ between smokers and non-smokers (table 4) .
The mean (SD) of the baseline lavage epithelial cell count was 1400 (1500) in smokers v 2800 (5100) in non-smokers, which were not significantly different. The mean (SD) of the lavage epithelial cell count after exposure was 3100 (3400) in smokers v 2200 (2500) in non-smokers, which were not significantly different. The AEpithSadj were not significantly different between smokers and non-smokers. The % epithelial cells before and after exposure, as well as the change in % epithelial cells, did not differ between smokers and non-smokers (table 4) . Discussion Most investigations on volunteers exposed to ozone,4 grain sorghum dust,6 cotton dust7 8 or vanadium oxides,9 showed associations between inflammatory cell counts and exposure by nasal lavage. In our study, we found a significant increase in APMNadi after exposure in non-smokers but not in smokers. We did not detect, in either smokers or non-smokers, an increase in AEpithadj, change in % PMNs, or change in % epithelial cells. These findings suggest that in non-smokers fuel oil ash exposure that ranged from a low of 50 to a high of 4500 jig/M3 was associated with an inflammatory response manifested as an increase in PMNs/ml. In non-smokers, there was considerable variability in APMNadj. We were unable to show a dose-response relation between short term exposure to either fuel oil ash (PM10) or respirable vanadium dust and APMNadj; none of the exposure indices significantly predicted APMNadj. We also did not detect a dose-response relation between any of the exposure indices and the change in % PMNs, the AEpithadj, or the change in % epithelial cells.
The subjects studied were utility workers and boilermakers. They differed from the typical subjects in environmental chamber studies47 in that they were more likely to be smokers, they tended to be older, and most importantly they have been chronically exposed to the contaminant under study (fuel oil ash containing vanadium oxides). They were also exposed to many workplace respiratory irritants, such as ozone from welding, and to complex mixtures of airborne pollutants, including particles, gases, and vapours. Precise measurement of all or even part of the exposure mixture was not possible. Therefore, PM10 and vanadium concentrations may not adequately reflect exposure to all inflammatory agents in the workplace.
In Unfortunately, as we lacked sufficient information, we were unable to control for a subject's exposure history, a history that may have confounded the dose response relation.
In contrast with our study, in the experimental chamber studies a single exposure was delivered to subjects who had no known previous extensive exposure to pollutants. The importance of the difference in subject characteristics between our study of chronically exposed subjects and experimental studies in which subjects are naive to the exposure is unclear. A second possible explanation rests with the assessment of exposure. The nasal cavity will deposit particles with larger aerodynamic diameters than the PM1o.26 27 If the PM,1 exposure concentrations do not accurately reflect the dose to the nasal cavity, they will not be predictive of the inflammatory cell response as measured by nasal lavage. Also, exposure misclassification is a distinct possibility in our study due to the small number of personal samples per task and location category: 21 of the 29 categories of exposure estimates were based on three or fewer samples.
The instability of the task and location category exposure estimates will impart random misclassification and bias our dose response results towards the null, thus decreasing the magnitude and significance of any association between dose and response.
A third possibility may be due to the presence of confounding exposures that were not accounted for in the analysis due to either an insufficient number of measurements or a lack of information. For instance, workers are exposed to ozone generated during welding: 23 of the 37 subjects were welders. Due to the lack of sufficient information on exposure to ozone, we were unable to control for confounding by ozone exposure. This confounding may bias our dose-response results toward the null. Respirator use, also not accounted for in the analysis, may also confound the relation between exposure and nasal lavage cell counts. People in high exposure areas may have used respirators more often, leading to a lowered delivered dose; this would again bias our dose-response results toward the null.
A fourth possible explanation for the inability to detect a dose-response relation is that the number of subjects studied (37) was too small to have had sufficient power to detect a dose-response relation. Finally, as the concentrations of respirable vanadium dust for the five exposure indices were uniformly low and ranged from 0-1 to 32 2 pug/m3, it is possible that these concentrations were insufficient to induce an inflammatory response. From our results, it is unclear if the lack of a doseresponse relation to vanadium is the result of low vanadium dust concentrations or a failure on the part of the nasal lavage technique to detect a response.
We did not find significant differences in baseline PMN or epithelial cell counts between smokers and non-smokers. Similarly, PMN 
